In 200 and 2008 Agenzia Spaziale Italiana and Ministero della Difesa launched three out of four X-band SAR satellites of the COSMO-SkyMed (COnstellation of small Satellites for Mediterranean basin Observation) Dual-Use (Civilian and Defence) Mission dedicated to the Earth Observation. The results coming from the utilisation of the two operative satellites of the constellation reveal the significant achievement of the X-band SAR and the importance of fast response time in a wide variety of applications. In this paper ASI and e-GEOS presented qualitative analyses and results related to a set of X-band SAR applications conducted during 2008.
Introduction

COSMO-SkyMed (COnstellation of small Satellites for Mediterranean basin Observation)
is the first italian dual Space System dedicated to the Earth Observation. It is the largest Italian investment in Space Systems for Earth Observation, commissioned and funded by 8 ASI (Agenzia Spaziale Italiana) and Ministero della Difesa (Italian Ministry of Defence). The system consists of a constellation of four (Low Earth Orbit) LEO mid-sized satellites, each equipped with a multi-mode high-resolution SAR operating at X-band [ASI, 200; Battazza et al., 2007; Caltagirone et al., 2007; Coletta et al., 2007] . The first satellite of the constellation was launched on the 8 th of June 200, the second on the 9 th of December of the same year and the third one on the 25 th of October 2008 then three out of four satellites of the COSMO-SkyMed mission are in orbit, making available to the users a unique SAR constellation dedicated to the Earth Observation. The constellation will be completed with the launch of the forth satellites in the first half of 2010. ASI in cooperation with Ministero della Difesa manages the contract assigned to an Italian industrial team, where Thales Alenia Space Italia (TAS-I), in charge to develop the project, is the Prime Contractor.
The Mission
Primary Mission objectives are based on user needs requiring a spaceborne Dual-Use Dual-Use (Civilian and Defence) end-to-end Earth Observation System able to provide data, products Earth Observation System able to provide data, products and services relevant to the monitoring, environmental monitoring, risk management, environmental resources management, maritime management, earth topographic mapping, science applications for both Civilian (Institutional and Commercial) and Defence users for both Civilian (Institutional and Commercial) and Defence users [ASI, 200; Battazza et al., 200; Caltagirone et al., 200; Coletta et al., 200] . In order to meet these goals the system has been conceived with the following main features: -acquire images all over the world in every atmospheric condition during night and day; -produce a wide number of images with high resolution, accuracy (geolocation, radiometry etc) and quality; -produce images for polarimetric and interferometric applications; -acquire images with very short revisit and response times according to a specific product order.
Images Capability and Sensor Mode
COSMO-SkyMed Space Segment, at fully deployed constellation (4 satellites), will be able to collect up to 1800 images per day; while the Ground Segment will be able to archive up to 560 images per day and to process 200 level 1C/1D (geocoded ellipsoid/terrain corrected) products per day. The current operative Ground Segments is already able to achieve such performance [ASI, 200] . The COSMO-SkyMed SAR acquisition modes [ASI, 200] are described in Table 1 . The platform agility makes possible acquisitions in left and right looking allowing to extend the access area of the System by means of an attitude manoeuvre. The nominal side looking mode is the right looking. Using the extended incidence angles, the access area can reach 630 km.
Operative Modes
COSMO-SkyMed can operate in three different operative modes to satisfy different needs in terms of timeliness [ASI, 200] : -Routine: The image order can be satisfied in less than 72 hours (at full constellation); -Crisis: The image order can be satisfied in less than 36 hours on a specific crisis area (at full constellation); -Very Urgent: The image order can be satisfied in less than 18 hours (at full constellation). 
Time Performance
Four definitions apply to the time performances [ASI, 2007] : -Reaction time: time between the deposit and the acceptance of the user request at the User Ground Segment (UGS) until the SAR image on-board acquisition; -Information age: from the SAR image on-board acquisition to the product availability at UGS; -Response time: sum of Reaction time and Information age (delivery time is not considered in the Response Time since it depends by the delivery option, such as FTP and DVD, chosen by the user); -Revisit time: period between two successive acquisitions over the same target in any acquisition conditions; -Repeat cycle: period between two successive acquisitions over the same target with the same acquisition conditions. The time performance values depend by the target coordinates, the operative Ground Stations, the constellation configuration and the operative mode. All these features have been selected to meet the COSMO-SkyMed System requirements. The Table 2 reports the values of the revisit time and the response time, scaled from the current configuration (3 satellites) to 4 satellites in orbit. These values are referred to the nominal operative mode (Routine mode) in the worst cases. At the time being the COSMO-SkyMed time performances are the finest available respect to the civilian currently operative SAR Systems. 
Orbital Configuration
The current configuration is sketched in Figure 1 . COSMO-SkyMed 1 and 2 are positioned at 180° from each other, meanwhile COSMOSkyMed 3 and 2 at 67.5° in the so-called "one-day interferometry configuration". In this configuration the first and second satellite allow an interferometric repeat cycle of 8 days and the third and second satellite make possible interferometric acquisitions with a decorrelation time equal to only 1 day.
Figure 2 -COSMO-SkyMed constellation in nominal configuration (4 satellites equi-phased).
At full constellation in nominal configuration the four satellites are equi-phased in the same orbital plane, as described in Figure 2 . The nominal orbital configuration is conceived to grant access all over the globe in few hours, with at least two access opportunities per day with different incidence angles. The Tandem interferometric configuration allows the system to produce interferometric and Digital Elevation Model (DEM) products. Using the two satellites positioned in Tandem Using the two satellites positioned in Tandem interferometric configuration it is possible to detect two radar acquisitions of the same target area with a de-correlation time of 20 seconds. In Figure 3 is depicted the Tandem
In Figure 3 is depicted the Tandem interferometric configuration showing the two satellites of the constellation flying in different orbit planes separated by 0.08 degree (∆Ω in Fig. 3 ). The two satellites have a mutual along-track distance of 151 km (the follower satellite ground track follows the leader satellite one). 
The Current Status
At the current time COSMO-SkyMed-1 and COSMO-SkyMed-2 are in operational phase. After the successful completion of Launch and Early Orbit Phase (LEOP) COSMOSkyMed-3 is now carrying out the commissioning phase. The entire constellation will be completed at the beginning of 2010 and it will be fully operative by the end of 2010.
LEOP
During this phase the launch completion, the correctness of the orbital parameters and the start-up of the satellite were verified. All satellites were placed in the expected stable orbital configuration, showing nominal parameters in terms of thermal and power stabilisation, telecommands and control, correctness and nominal deployment of the satellite appendices.
Commissioning Phase
The Commissioning Phase was performed at the same time for COSMO-SkyMed 1 and COSMO-SkyMed 2, at the end of this phase both satellites entered in the Operational Phase. During the Commissioning Phase the verification of the functionalities, the performance and the operations of both satellites and of the overall System were completed. All the payloads, subsystems and elements of the satellites were verified in orbit through the utilisation of the Ground Segment. All the calibration activities have been completed testing and verifying the SAR antenna of each satellite. The verification and validation of the whole System (satellites, sites and support System) have been completed [Mezzasoma et al., 2008] . During the Commissioning Phase the first two satellites acquired thousands of images all over the globe, allowing the understanding of the huge potential of the System Coletta et al., 2008; Covello et al., 2008] .
Set of COSMO-SkyMed Applications conducted during 2008
COSMO-SkyMed 1 and 2 are in operational phase and they are currently used by both civilian and defence users for their specific applications exploiting the COSMO-SkyMed data. In this chapter a short overview of a set of significant applications conducted by ASI and e-GEOS during 2008 is presented together with the qualitative analysis and results achieved. This set of COSMO-SkyMed applications reveals the innovative contribution and the strong attitude of Italian SAR constellation to study and analyse phenomena related to risk management (as floods and earthquake events), ice monitoring, agriculture. Thanks to the high geometric and radiometric resolution and the short revisit time, the use of the COSMO-SkyMed constellation is of great relevance for these scopes.
Ocean And Ice Applications (March 2008 -September 2008)
It is well known that SAR can detect oil spills on the sea surface. On the 9 th of September 2008 COSMO-SkyMed recorded a large oil spill near the Chinese port of Qingdao due to a big shipwreck (Fig. 4) . COSMO-SkyMed Constellation frequent revisit times makes it suitable for monitoring applications in the marine environment; small oil spills can be monitored on an operational basis over large areas; ships appear as a very bright target on SAR images, thus allowing maritime surveillance applications. Services related to marine pollution and maritime surveillance are provided in Near Real Time with fast delivery of products. During summer 2008 a spectacular Enteromorpha macro-algae bloom occurred in the bay of Qingdao (China) (Fig. 5) . The city was going to host the sailing regattas for the Olympic games and so an important observational campaign was carried out in that area. Taking advantage of the two satellites available at that time, positioned 180° apart on the same orbit plane and of the left/right looking capabilities of the satellites, two images were collected with time separation of 48 minutes (half orbit cycle); current fields were derived by the analysis of the image pairs. In Figure 6 the current fields are highlighted by the arrows. At the end of March after the alert based on the data collected by ENVISAT satellite of the European Space Agency (ESA), in particular using ASAR instrument (a C-band SAR sensor). COSMO-SkyMed-1 and COSMO-SkyMed-2 detect data of the event acquiring several images of the Wilkins Ice Shelf disintegration, in the Antarctic region, as reported in Figure . ScanSAR Wide Region (100 x 100 km swath) and Stripmap HIMAGE (40 x 40 km) acquisition modes were used to monitor the overall phenomenon and the ice movements over large and medium areas. The good resolution of the Stripmap HIMAGE (5 m) allows a detailed monitoring of different dimension ice and the current fields. Analogue achievements were reached by ENVISAT satellite (using ASAR instrument) to monitor the Wilkins Ice Shelf disintegration event [ESA, 2008 [ESA, -2009 .
China Earthquake (May 2008)
A powerful earthquake has killed at least 10,000 people in China's south-western Sichuan province, up to 5,000 of them in just one county. Many more have been killed and injured in other parts of China after the .8 magnitude quake struck on the 12th of May [BBC News, 2008] . COSMO-SkyMed processed the first image with a Response Time of 16 hours from the alarm. In Figure 8 is reported an image of the Guan-Xian area (in Sichuan province). The image was acquired one day after the quake and it was used for monitoring the damage and the overall situation over the Guan-Xian area; in particular potential damages of the dike (highlighted by the circle at the top left of the image) were monitored since an eventual crack could cause the collapse of the dike with very dangerous consequences on the GuanXian city, already devastated by the eartquake event.
The image in Figure 9 shows the damage of a building located in the area affected by the quake. The Spotlight image shows the partial collapse of the building (the arrows highlight the damage). Many cases like that were detected after the quake and change detection application was always used to detect the changes happened in the area. The monitoring and observation of natural disasters of this relevance in every atmospheric conditions and during the day and night, conducted in Near Real Time with fast products delivery, are crucial to guarantee fast rescue actions. The images acquired by the two COSMO-SkyMed satellites, in the days immediately after the earthquake, demonstrating the relevant contribution of a SAR space constellation as COSMO-SkyMed in emergency situations like this.
Agriculture Multi-Temporal Acquisition (May-July 2008)
A multi-temporal acquisition over agricultural fields have been performed on the 25th of May, 26th of June and 28th of July 2008 over Kumagaya (Japan) area, near Tokyo city (Fig. 10) . The area of acquisition is essentially composed of agricultural fields. The three COSMO-SkyMed images are acquired in the Spotlight mode in the same acquistion conditions with a repeat cycle of 32 days. The multi-temporal acquisition presented here is a co-registered product obtained using the three Spotlight images. The multi-temporal acquisition highlights a strong signal on the 28th of July (red-violet colour) that should be due to the presence of the rice fields (confirmed by observations in situ). On May the rice fields are just at the beginning of the cultivation status and on May-June the presence of the water becomes quite relevant (in such cases the radar signal is weak), on July the first rice plants begin to grow up and their presence makes stronger the SAR backscattering signal as represented by colours in Figure 10 . According to reports from Accuweather.com, Cyclone Nargis made landfall with sustained winds of 130 mph and gusts of 150-160 mph, which is the equivalent of a strong Category 3 or minimal Category 4 hurricane. News reports stated that at least 10,000 people were killed, and thousands more were missing as of May 5 [NASA, 2008] . After the alert COSMO-SkyMed-1 acquired an image (SCANSAR -Huge Region) with a fast Response Time, permitting the identification of the areas affected by the flood and then of the main zones where the rescue actions had to take part with high priority. The COSMO-SkyMed acquisition (ScanSAR Huge Region collected on the 6th of May over Rangoon area) is reported in Figure 11 . The wide flood areas are identified with the dark areas (highlighted by the circles). The World Food Programme (WFP) used COSMO-SkyMed-1 and COSMO-SkyMed-2 images to create maps to be used for rescue actions. The flood evolution (between 6th and 8th of May) is represented in Figure 12 elaborated by the WFP (dark/red areas are affected by the flood).
System access and Scientific Data Exploitation Strategy
System Access
The access to the COSMO-SkyMed products for civilian use is ruled by the COSMOSkyMed Data Policy, according to this policy there are two main classes of Civilian users: 1. Institutional Users; 2. Commercial Users. The institutional users are "entities" that pursue institutional, scientific (no profit oriented) and public objectives. The COSMO-SkyMed civilian institutional user access is granted through a web site: www.cosmo-skymed.it. On this site the potential user will find all the information about COSMO-SkyMed available products and services and the general terms and condition of the service. The Institutional Use status needs to be assessed via a process managed by ASI under the data policy regulation. A specific agreement will be settled identifying the user class and the relative quota of the COSMO-SkyMed System resources (including data and products) to be assigned to the end-user. At the end of the process the user will get the complete information (personal identification, access password, institutional project form, products identification, terms and condition to use the COSMO-SkyMed data) necessary to access the system and request COSMOSkyMed data. 
Scientific Data Exploitation Strategy
The Scientific Data Exploitation Strategy is focused mainly on: -The COSMO-SkyMed Announcement of Opportunity Projects; -ASI COSMO-SkyMed Pilot Projects; -The Background Mission. The main scopes of the Scientific Data Exploitation Strategy is to grant the access to the System to the Scientific and Institutional community, supporting them with the provision of COSMO-SkyMed data to conduct projects in specific thematic areas.
The First COSMO-SkyMed Announcement Of Opportunity Projects
In the frame of the first COSMO-SkyMed Announcement of Opportunity (AO) 172 scientific relevant projects have been selected. The AO projects will use the COSMO SkyMed system for civilian research purposes and Earth Observation application development, using the products of the COSMO-SkyMed Mission for: -development of scientific applications; -development and validation of Level 2 geophysics products algorithms; -demonstration of the capabilities of COSMO-SkyMed in the thematic areas of GMES and GEO;
-new ideas for system exploitation. The projects will exploit the COSMO-SkyMed data to obtain relevant results in several thematic areas as landslides, floods, drought, water pollution, fires, seismology, volcanology, coastal processes, precipitation, topographic mapping, land use/cover mapping, agriculture, forestry, hydrology, geology, ocean and ice, archaeology. The COSMO-SkyMed AO projects will start in the springtime 2009 and will last two years providing the opportunity to exploit at least the data collected by three out of four satellites of the constellation.
ASI COSMO-SkyMed Pilot Projects
ASI is managing six pilot projects exploiting the COSMO-SkyMed data focused on: volcanic risk (SRV), seismic risk (SIGRIS), precipitation and soil analyses (PROSA), flooding (OPERA), landslide (MORFEO) and oil spill (PRIMI).
Background Mission
The Background Mission has been conceived by ASI with the aim to collect images all over the world for the optimisation of the system capabilities and the catalogue fulfilling. The Background Mission implements the lowest level of priority plan, i.e. when no further activity (so called foreground activity) is defined. The Background Mission is based on the COSMO-SkyMed primary mission objectives.
Conclusions
At the time being COSMO-SkyMed is the only SAR constellation providing worldwide coverage currently operative exploitable by civilian users. COSMO-SkyMed constellation fulfils high performance in terms of Revisit and Response Time, number of images, image quality with high geometric (1 m) and radiometric resolution, interferometric acquisitions (8 days and only 1 day of de-correlation time), when the fourth satellite will complete the constellation (2010) the current performance will be further improved. The applications reported in the present paper, conducted in 2008, reveal the strong contribution of the X-band SAR sensors to study and analyse phenomena related to risk management (as floods and earthquake events), ice monitoring, agriculture; in fact, thanks to the high geometric and radiometric resolution of the sensors and the short revisit time of the constellation, the utilisation of the COSMO-SkyMed products for these objectives is innovative and unique making the Italian SAR constellation an advanced space Earth Observation asset to be used by civilian and defence users. For the scientific community the main project dedicated to the COSMO-SkyMed data exploitation is the Announcement of Opportunity. In the framework of the first AO, 172 scientific projects have been selected by ASI with the strong certainty they will bring new worthwhile results on the SAR applications.
